Mesembryanthemum crystallinum responds to salt stress by switching from C3 photosynthesis to Crassulacean acid metabolism (CAM). During this transition the activity of phosphoenolpyruvate carboxylase (PEPCase) increases in soluble protein extracts from leaf tissue. We monitored CAM induction in plants irrigated with 0.5 molar NaCI for 5 days during the fourth, fifth, and sixth week after germination. Our results indicate that the age of the plant influenced the response to salt stress. There was no increase in PEPCase protein or PEPCase enzyme activity when plants were irrigated with 0.5 molar NaCl during the fourth and fifth week after germination. However, PEPCase activity increased within 2 to 3 days when plants were salt stressed during the sixth week after germination. Immunoblot analysis with anti-PEPCase antibodies showed that PEPCase synthesis was induced in both expanded leaves and in newly developing axilary shoot tissue. The increase in PEPCase protein was paralleled by an increase in PEPCase mRNA as assayed by immunoprecipitation of PEPCase from the in vitro translation products of RNA from salt-stressed plants. These results demonstrate that salinity increased the level of PEPCase in leaf and shoot tissue via a stress-induced increase in the steady-state level of translatable mRNA for this enzyme.
Little is known about the mechanisms which govern plant gene expression during periods of environmental stress. Mesembryanthemum crystallinum responds to salt stress, or other conditions which create water stress, by switching the primary path of CO2 fixation from C3 photosynthesis to CAM (22) (23) (24) . CAM is a well-defined biochemical and physiological adaptation to water stress (for reviews see Refs. 18 and 20) . The induction of CAM in response to salinity provides a unique opportunity to examine the molecular basis of stress perception and response in a higher plant species. We are investigating the sequence of events that lead from the initial stages ofsalt stress to the synthesis of polypeptides essential to the CAM photosynthetic pathway in M. crystallinum. As part of this work we have examined the effect of salt stress on the level of translatable mRNA for PEP- ' Case,3 a key enzyme in CAM.
PEPCase is a prominent high molecular mass (100 kD) soluble protein in plants assimilating carbon dioxide via the CAM pathway and is a useful indicator of CAM induction in M. crystallinum. PEPCase increased from approximately 1% of the total soluble protein in young plants to 10% of the soluble protein in mature salt-stressed leaves (27) . On a shorter time scale, PEPCase activity in 8 week old plants increased 10 -fold during a 7 d induction period (6) . The increase in PEPCase activity was correlated with an increase in a 100 kD polypeptide tentatively identified as PEPCase (6) . In vivo labeling and immune precipitation of newly synthesized PEPCase demonstrated that the enzyme was synthesized de novo in response to salt stress (13) . Our objectives here were to determine (a) how soon after germination we could induce PEPCase synthesis in response to salt stress, (b) which plant tissue sources were most suitable for studying the induction process, and (c) if the induction of PEPCase synthesis during salt stress was due to increased levels of translatable mRNA for this enzyme. NaCl Induction of PEPCase. All plants were grown under nonstressed conditions as described above prior to the start of each experiment. At the beginning of the fourth, fifth, and sixth week after germination plants were divided into groups which were watered each day for 5 d with either 100 ml of nutrient solution, or 100 ml of nutrient solution containing 0.5 M NaCl. All plant samples were taken 1 h before the end of the light period. Whole plants were rinsed briefly in water and frozen immediately in liquid N2. Frozen plant tissue was ground in liquid N2 using a mortar and pestle and stored at -70°C until extraction.
MATERIALS AND METHODS
In another experiment unstressed plants and plants which had been watered with 0.5 M NaCl for 5 (Fig. 1A) . However, PEPCase activity increased fourfold in plants which were salt stressed during the sixth week after germination (Fig. lB) . Im (6, 13) . NaCG Stress Induces the Synthesis of PEPCase Polypeptides at All Leaf and Axillary Shoot Positions. M. crystallinum produced five pairs of leaves during the first 6 weeks after germination when grown under our conditions. The leaf pairs initiated sequentially from the stem apex, with the result that leaves varied in age from the youngest expanding leaf pair at the stem apex to the older more fully expanded leaves near the base of the plant. Axillary shoots typically began to develop during the sixth week after germination and contributed from 10 to 15% of the total fresh weight by the end ofthe sixth week. We tested the possibility that all plant tissues regardless of age or position within the plant (Fig. 2) . Similar amounts of PEPCase were induced in both expanded leaf tissue and young rapidly growing axillary shoot tissue (Fig. 2, lanes 2 versus 2A, 3 versus 3A) . In initial experiments a number of lower molecular mass polypeptides (<107 kD) were also recognized by anti-PEPCase antibodies on immunoblots of soluble protein extracted from salt-stressed plants. Leupeptin, a protease inhibitor active against both sulfhydryl and serine proteases (8) , effectively prevented both the disappearance of the 107 kD PEPCase species and the increase in lower molecular mass polypeptides recognized by anti-PEPCase antibodies on immunoblots (Fig. 2) . We conclude that the lower molecular mass polypeptides recognized by antiPEPCase antibodies arose from proteolytic degradation of PEPCase during preparation of the leaf extracts.
PEPCase mRNA Levels Increase in Salt-Stressed Plants. The induction of both PEPCase activity and immunologically detectable PEPCase protein implied that salt stress increased either the steady-state level, or the translation, of PEPCase mRNA. We isolated (A+)RNA from salt-stressed and unstressed plants and translated these in an in vitro rabbit reticulocyte lysate system. Several unique polypeptides were present in the translation products of(A+)RNA from stressed plants (Fig. 3) . Among these were two polypeptides (uppermost doublet, Fig. 3, lanes 2 and 4) which were similar in size to PEPCase identified by immunoblot analysis of protein extracts from these tissues (Fig. 2) . The uppermost polypeptide was immunoprecipitated from the translation products of total RNA from a salt-stressed plant by antiPEPCase antibodies (Fig 4, lanes 1-3) . This indicated that salt stress induced the accumulation of translatable mRNA for PEPCase. The lower band was not recognized by anti-PEPCase antibodies in this or other immunoprecipitation experiments (J Ostrem, C Michalowski, unpublished results). Other polypeptides appeared to decline in the translation products of RNA from salt-stressed plants. In general, specific polypeptides appeared to increase or decrease during salt stress to a similar extent both in leaf and in axillary shoot tissue.
DISCUSSION
Water potential and the solute composition ofM. crystallinum leaf tissue change rapidly when the concentration of NaCl is increased in the rooting medium (12) . In contrast, CAM induction takes place over a period of several days after sodium and chloride ion concentrations have reached new levels in the leaf tissue (12, 22 In addition to PEPCase several other polypeptides appeared to increase in the translation products from salt-stress RNA preparations (Fig. 3) . It is likely that many of these represent CAM enzymes and other proteins essential for successful adaptation to a saline environment. Experiments are in progress to identify these proteins and to define the mechanisms responsible for the coordinate induction of the genes encoding the CAM metabolic pathway. This information will help uncover the sequence of events leading from the initial stages of salt stress to the synthesis of specific gene products.
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